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VWHHO URSHVWKHWHQVLRQLVDGMXVWHGE\HOHFWULFDOZLQFKHV
 7RZHU7HVWLQJ3URFHGXUH
7KHSURWRW\SHFRPSRVLWHWRZHULVH[DPLQHGFDUHIXOO\WR SURYH WKDWDOOWKHEROWVDQGQXWVDUHWLJKWHQHGSURSHUO\
7KHWRZHULVPDGHWUXO\SOXPEDQGVTXDUH$OOLWVPHPEHUVDUHFKHFNHGIRUIUHHGRPIURPDQ\YLVLEOHGHIHFWV)RXU
JUDGXDWHG PHWDOOLF VFDOHV DUH IL[HG DW SHDN WRS PLGGOH DQG ERWWRP FURVV DUP OHYHOV RQ WKH WUDQVYHUVH DQG
ORQJLWXGLQDOIDFH5HDGLQJVRQWKHVHVFDOHVZLWKUHIHUHQFHWRWKHSOXPEOLQHDUHWDNHQE\ DQ RSWLFDOWKHRGROLWH7KH
WRZHU GHIOHFWLRQ YDOXHV DUH PHDVXUHG ZLWK DQ DFFXUDF\ RI  PP  7KH GHIOHFWLRQV DW WKH FURVV DUP OHYHOV LQ
WUDQVYHUVHDQGORQJLWXGLQDOGLUHFWLRQVDUHUHFRUGHGDWGLIIHUHQWVWDJHVRIORDGLQJXQGHUDOOWHVWFRQGLWLRQV ZKLFK DUH
SUHVHQWHGLQ7DEOH 
 %ROW6OLSWHVW
,QRUGHU WRHOLPLQDWHDV IDUDVSRVVLEOH WKHSOD\EHWZHHQ WKHEROWVDQG WKHKROHV WKURXJKRXW WKHVWUXFWXUH%ROW
WDNH XS WHVW LV GRQH LQ WKH EHJLQQLQJ 8QGHU WKLV WHVW DOO WKH WUDQVYHUVH DQG YHUWLFDO ORDGV DUH LQFUHDVHG
VLPXOWDQHRXVO\DVIDUDVSRVVLEOH WRRIWKHUHOLDELOLW\FRQGLWLRQORDGV7KHORDGVRQWKHWRZHUDUHKHOGIRURQH
PLQXWH'HIOHFWLRQUHDGLQJVDUHWDNHQIRU  12/2$'DQG/2$'('FRQGLWLRQV7KHORDGVRQWKHWRZHUDUHWKHQ
UHGXFHG WR]HURRU WRDV ORZDYDOXHDVSRVVLEOH7KHGHIOHFWLRQ UHDGLQJ LVDJDLQ WDNHQ IRU WKLV]HUR ORDGLQJ7KH
GLIIHUHQFHVEHWZHHQWKHWZR]HURORDGLQJDUHWKHSHUPDQHQWGHIOHFWLRQRQWKHFRPSRVLWHWRZHU)RUVXEVHTXHQWWHVW
SXUSRVHVWKHUHDGLQJVZLWK]HURORDGVWDNHQDIWHUWKHEROWVOLSWHVWDUHFRQVLGHUHGDVWKHLQLWLDOUHDGLQJV
 7HVWVXQGHU6HFXULW\ &RQGLWLRQV
8QGHUWKLVFRQGLWLRQDOOFRQGLWLRQVLQYROYLQJORQJLWXGLQDOORDGVLQDGGLWLRQWRWUDQVYHUVHDQGYHUWLFDOORDGVDOO
WKHWUDQVYHUVHDQGYHUWLFDOORDGVDUHILUVWLQFUHDVHGWRDERXW/RQJLWXGLQDOORDGVDUH WKHQLQFUHDVHGLQVWHSVRI
   DQG  RI WKH XOWLPDWH ORDGV $W DOO VWDJHV RI ORDGLQJ LW LV HQVXUHG WKDW WKH WUDQVYHUVH DQG
YHUWLFDOORDGVDUHQRWOHVVWKDQWKHYDOXHVIRUFRUUHVSRQGLQJVWHSRIWKHORQJLWXGLQDOORDG$WHDFKVWHSWKHORDGVDUH
PDLQWDLQHGIRURQHPLQXWHDQGWKHGHIOHFWLRQVDUHQRWHG$OOORDGVDUHWKHQLQFUHDVHGWR$WWKLVILQDO
ORDGLQJVWDJHWKHWRZHULVREVHUYHGIRUPLQXWHVDQGGHIOHFWLRQVDUHQRWHG$IWHUHYHU\WHVWWKHORDGVDUHEURXJKW
GRZQDQGGHIOHFWLRQUHDGLQJVDUHWDNHQIRUQRORDGFRQGLWLRQ DVUHFRUGHGLQ7DEOH
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 7HVWVXQGHU5HOLDELOLW\&RQGLWLRQV
7KHWUDQVYHUVHDQGYHUWLFDOORDGVDUHDSSOLHGDVIDUDVSRVVLEOHVLPXOWDQHRXVO\DWDOOSRLQWVLQVWHSVRI
DQG  7KHZDLWLQJSHULRGRI WZR PLQXWHLVPDLQWDLQHGLQHDFKVWHSDQG ILYH PLQXWHVZDLWLQJSHULRGREVHUYHGDW
WKHILQDOORDGLQJ 7KURXJKRXW WKHSURFHVVRI ORDGLQJXQGHUDOO WHVWV WKH WRZHU LVFORVHO\REVHUYHGIRUDQ\
YLVLEOH VLJQ RI IDLOXUH RI GHIRUPDWLRQ 7KH GHIOHFWLRQV DUHPRQLWRUHG IRU HDFK VWDJH RI ORDGLQJZKRVH YDOXHV DUH
VKRZQLQ7DEOH
7DEOH7RZHUGHIOHFWLRQXQGHUVHFXULW\FRQGLWLRQ
'HIOHFWLRQLQPP
/RDG 3HDN 7RSFURVV
DUP
0LGGOH
FURVVDUP
%RWWRP
FURVVDUP
,QLWLDOUHDGLQJ    
    
    
    
    
    
7DEOH7RZHUGHIOHFWLRQXQGHUUHOLDELOLW\FRQGLWLRQ
'HIOHFWLRQLQPP
/RDG 3HDN 7RSFURVV
DUP
0LGGOH
FURVVDUP
%RWWRP
FURVVDUP
,QLWLDOUHDGLQJ    
    
    
    
    
    
 6WUDLQ0HDVXUHPHQWV
,QRUGHUWRVWXG\WKHVWUXFWXUDO SHUIRUPDQFH RI WKH FRPSRVLWHWRZHUXQGHUPHFKDQLFDO ORDGWKUHHURVHWWHVWUDLQ
JDXJHV1RVZLWKFKDQQHOVDUHPRXQWHGRQWKHFULWLFDOPHPEHUVRIWKHFRPSRVLWHWRZHUDV VHHQLQ )LJXUH 
7KHOHDGZLUHVRIWKHVWUDLQJDXJHVDUHFRQQHFWHGWRWKHFKDQQHO0&('$4V\VWHPWKHGDWDDFTXLVLWLRQ
LV WKURXJK/DE9LHZVRIWZDUHZLWKDVDPSOLQJUDWHRIVDPSOHVSHUVHFRQG=HURUHDGLQJRI WKHVWUDLQJDXJHV
UHFRUGHGSULRUWRDFWXDOORDGLQJRIWKHWRZHU7KH ORDGF\FOHWHVWLVFDUULHGRXWZLWKRIGHVLJQORDGVEHIRUHWKH
DFWXDOWHVW7KHORDGVDUHDSSOLHGJUDGXDOO\WKURXJKORDGFHOOLQDQLQFUHPHQWDOIDVKLRQWLOOWKHIXOOORDGLQJLVDWWDLQHG
XQGHU HDFK ORDGLQJ FRQGLWLRQV 7KH VWUDLQ YDULDWLRQV ZLWK UHVSHFW WR FKDQJH LQ WKH PDJQLWXGH RI ORDGV DUH
FRQWLQXRXVO\PRQLWRUHGWKURXJK'$4V\VWHP
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)LJ D 7KUHHURVHWWHVWUDLQJDXJHVPRXQWHGRQWKHOHJPHPEHUE2QWKHFURVVDUPPHPEHUV
 5HVXOWVDQG'LVFXVVLRQ
7KHFRPSRVLWHWRZHUVXFFHVVIXOO\ZLWKVWRRG UHFRPPHQGHG GHVLJQORDGVDVSHU,6 ZLWKRXWDQ\YLVLEOHVLJQ
RIIDLOXUH )URPWKH)LJDQGLWVKRZVWKDW WKHPD[LPXPGHIOHFWLRQDWWKH SHDNRIWKHWRZHULVPPXQGHU
VHFXULW\ FRQGLWLRQDQG PPXQGHU UHOLDELOLW\ FRQGLWLRQ:KHQWKHORDGLQJLVFRQWLQXHGXSWRN1
WLPHVWKHGHVLJQORDGVRQHRIWKHOHJPHPEHUGHYHORSHGFUDFNQHDUWKHWRSRIFURVVDUPLQGLFDWLQJILUVWYLVLEOHVLJQV
RIIDLOXUH
7KH5LJKWRI :D\52: UHTXLUHPHQW IRUDW\SLFDON9WRZHU LV HIIHFWLYHO\EURXJKWGRZQ E\ DERXW
 ZKHQFRPSRVLWHWRZHULVXVHGLQSODFHRIVWHHOWRZHUVDQGDOVRWKHZHLJKWRIFRPSRVLWHWRZHULVEURXJKW
GRZQ WR   1 DV DJDLQVW  1 RI VWHHO WRZHU 7KH KHLJKW RI FRPSRVLWH WRZHU UHGXFHG E\ DERXW 
FRPSDUHGWRVWHHOWRZHUVDVVKRZQLQ)LJ
     






/R
DG
LQ

'HIOHFWLRQLQPP
*URXQGZLUH
7RSFURVVDUP
0LGGOHFURVVDUP
%RWWRPFURVVDUP
     






/R
DG
LQ

'HIOHFWLRQLQPP
*URXQGZLUH
7RSFURVVDUP
0LGGOHFURVVDUP
%RWWRPFURVVDUP
)LJ /RDG9V'HIOHFWLRQ5HOLDELOLW\FRQGLWLRQ )LJ /RDG9V'HIOHFWLRQ6HFXULW\FRQGLWLRQ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)LJ D&RQYHQWLRQDOVWHHOWRZHUE3URSRVHGWRZHUZLWKFRPSRVLWHPHPEHUV
 &RQFOXVLRQ
%XLOGLQJDWUDQVPLVVLRQ OLQH WRZHUIURP(JODVVDQG(SR[\UHVLQ WKDWPHHWVWKHVDPHPHFKDQLFDOUHTXLUHPHQWWKDQ
DVWHHOWRZHULVIHDVLEOH VDYLQJLVDFKLHYHGLQ52:UHTXLUHPHQWIRUN9OLQHV 7KHWRZHUKHLJKWUHGXFWLRQ
RI  LV DFKLHYHG FRPSDUHG WR VWHHO WRZHUV  7KH FRPSRVLWH FURVV DUP FDQ EH XVHG IRU XSUDWLQJ WKH H[LVWLQJ
RYHUKHDG WUDQVPLVVLRQOLQHV %HFDXVHRIWKHOLJKWZHLJKWWKLVW\SHRIWRZHUVFDQEHXVHGIRUHDUWKTXDNHSURQH]RQHV
DVZHOODV IRU (PHUJHQF\5HVWRUDWLRQ6\VWHP (56 WRZHUV +HQFHWKHUHVXOWRIWKHVWXG\HQFRXUDJHVWKHSRVVLELOLW\
RIXVLQJFRPSRVLWHFURVVDUPHLWKHUZLWKVWHHO WRZHUERG\RU)53FRPSRVLWH WRZHUERG\ WRUHGXFH WKHKRUL]RQWDO
SKDVHGLVWDQFHWREXLOGFRPSDFWWUDQVPLVVLRQOLQHV
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$FNQRZOHGJHPHQWV
7KHDXWKRUVDFNQRZOHGJHWKHFRQVWDQWVXSSRUWDQGHQFRXUDJHPHQWJLYHQE\6KUL10XUXJHVDQ'LUHFWRU*HQHUDO
&HQWUDO3RZHU5HVHDUFK,QVWLWXWH&35,%DQJDORUH,QGLD DQGSHUPLVVLRQWRVXEPLWWKLVSDSHU IRUSXEOLFDWLRQ
7KDQNV    DUH     DOVR     GXH    WR   6KUL 6KDUDQ*RXGD 6HQLRU 5HVHDUFK )HOORZ RIILFHUV DQG WHFKQLFLDQV RI
0HFKDQLFDO(QJLQHHULQJ'LYLVLRQRI&HQWUDO3RZHU5HVHDUFK,QVWLWXWH &35, IRUWKHLUNLQGFRRSHUDWLRQLQFDUU\LQJ
RXWWKHH[SHULPHQWDOVWXGLHVRIWKLVZRUN
5HIHUHQFHV
+VHLQ <DQJ<HKDQG6DPXHO&<DQJ³%XLOGLQJRIFRPSRVLWHWUDQVPLVVLRQWRZHU´-RXUQDORI5HLQIRUFHG 3ODVWLFVDQG&RPSRVLWHV

+VLHQ<DQJ<HK+VLHQ/LDQJ<HK³6LPSOHIDLOXUHDQDO\VLVRIWKHFRPSRVLWHWUDQVPLVVLRQWRZHU´-RXUQDORI5HLQIRUFHGSODVWLFVDQG
FRPSRVLWHV
-DQQDW$OLSRXU+$PLQQHMDG6-D]DHUL0'HFUHDVLQJ WKH5LJKWRI:D\RIWUDQVPLVVLRQOLQHVE\XVLQJWRZHUV ZLWKSRO\PHULQVXODWLRQDUPV
,(((FRQIHUHQFH32:(5(1*3RUWXJDO
.XQLND]X,]XPL7DNHVKL7DNDKDVKL+LUR\D+RPPD'HYHORSPHQWRI/LQHSRVWW\SHSRO\PHULQVXODWLRQDUPIRUN9 ,(((7UDQVDFWLRQVRQ
3RZHU'HOLYHU\
%ULDQ&:7LPRWK\/00RGLI\LQJH[LVWLQJN9WUDQVPLVVLRQWRZHUWR N9FDSDFLW\,(((;SORUH
*KRGUDW2OODK+HLGDUL0D]LDU+HLGDUL(IIHFWRI ODQGSULFHRQWUDQVPLVVLRQOLQHGHVLJQ&,*5(&RQIHUHQFH6HVVLRQ3DULV
,63DUW6HF&RGHRISUDFWLFHIRUGHVLJQLQVWDOODWLRQDQGPDLQWHQDQFHRIRYHUKHDGSRZHUOLQHV
,63DUW5$	 3DUW,,,5$&RGHRISUDFWLFHIRUXVHRIVWUXFWXUDOVWHHOLQRYHUKHDGWUDQVPLVVLRQOLQHWRZHUV
